is presented based on a study of the prompt lepton impact parameters. In addition we report on a precise measurement of the tau lifetime and an updated Do lifetime.
Introduction i
The MARK II group, 1 has investigated several interesting physics topics in e+e-annihilation during the last year. Many of the results to be discussed here were made possible by the excellent luminosity and reliable operating conditions of the PEP storage ring since January 1983. At that time a new "mini-beta" scheme (positioning of the final focusing quadrupoles -7 m from the intersection point) enabled a very successful configuration which produced low backgrounds (trigger rate -2 Hz) and a high average luminosity of -1 pb-1/day.2 By June, we had logged -150 pb-' and processed about two-thirds of that. Another important factor in our physics program was the continued successful operation of a high spatial resolution cylindrical drift chamber, called the MARK II vertex3 detector, located between the beryllium beam pipe and the main drift chamber. An isometric view of the MARK II detector is shown in Fig. 1 and a closeup of the vertex detector is shown in Fig. 2. . . _ -The vertex detector is 120 cm in length, has seven axial layers of drift cells and an average spatial resolution in hadronic events of 110 p/layer. Tracks are extrapolated to the intersection point with an accuracy of UT(p) = lo2 + [95/p(GeV/c) 12 in the plane perpendicular to the beams, the second term arising .from multiple scattering in the 0.6% radiation length (X0) thick beam pipe. The vertex detector is important for lifetime measurements, reducing the cosmic trigger rate, increasing charged particle tracking acceptance and improving our momentum resolution. When used i with the main tracking chamber we obtained a momentum resolution of Ap/p = &02)2 + (o.o095p)2-(p _ in GeV/c). for tracks constrained to the beam intersection point.
The MARK II solenoid developed a short between the inner and outer coils in January (1982) and we have been operating since then at half field, 0.247' by powering only the outer coil. Fortunately the improved track resolution provided by the vertex detector has nearly cancelled the decrease to the momentum resolution from the lower magnetic field.
The following discussion will be limited to the most recent results from single . . -. . 
Inclusive Leptons
The study of prompt leptons in hadronic events produced in high energy e+e-annihilation gives information on (c) charm or (b) bottom quarks. In particular the p.roduction rates of these leptons depend on the weak semileptonic branching ratios.
The momentum spectra of the leptons derive from the parent hadron momentum spectra and this provides information on the quark fragmentation functions. The c and b quarks are expected to pass a larger fraction of their momentum to the hadron containing the heavy quark, contrary to the case with the lighter quarks.' Experimental evidence seems to support this point of view for both b and c quarks.1v6-7 The first experimental information on b quark fragmentation was reported by the MARK II group baaed on a study of inclusive electrons. 8 Here we report on electrons and muons with a slightly more refined analysis than Ref. 
where z is Ehadron/Et,, A is a normalization factor, and 6b is a parameter. It has been shown that Eq. (l), with cc N .25 represents the measured charmed meson momentum spectra. 14p15 We have fit for 3 quantities; &(b) and B!(c), the average semileptonic branching ratios in b and c quark decay, and eb, in Eq. (1). Because of t& lepton tag, the average semileptonic branching ratios are averages over all weakly decaying particles, weighted by their-relative populations. Furthermore we assume the production of charm and bottom quark pairs follows from the square of the quark charges when determining B!(b) and B!(c). We assume the Be(c) from contributions
(ii) and (iii) is the same and that bottom always decays into charm.
The branching ratios and c parameter values obtained from the fit are given in Table I . The B&b) agree well with those obtained at CESR and B&c) agree with other PEP/PETRA experiments.ls The (z)b -.75-20 is indicating a hard b fragmentation _ -e, in good agreement with other results. The form of the fragmentation function used is shown in Fig. 3 .
From this analysis it is interesting to estimate the composition of the signal in terms of the relative fractions of b's, c's, 6 --+ c + e, and background. This is shown graphically in Figs. 4 and 5. The ability to select an enriched sample of b6 events with a PT cut of greater than one is evident. This will be discussed in more detail in the b lifetime section.
-The background to the prompt electrons comes primarily from pions showering in the lead-liquid argon (LA) electromagnetic calorimeter and the overlap associat,ed with photons or other particles within a jet. The algorithm for finding electrons in a strip geometry calorimeter and the technique for determining the misidentification probability is described in detail in Ref. 17. We identify electrons over 65% of 4n with an efficiency . . _ -_ Table I .  i Branching ratios and fragmentation results The highest momentum bin includes all momenta 2 6 GeV/c. The histograms show the results of the fit. The three contributions shown are (i) 6 primary (solid), (ii) c secondary (diagonally hatched), and (iii) c primary (unshaded). -which varies from 78% at 1 GeV/c to 03% at the highest momenta. The misidentification probability varies from 3% at low p and PT to 0.5% at PT > 1.0 GeV/c. This reflects the difficulty of finding electrons within a tight jet of particles. Conversions and Dalitz pairs are small in number because of the beryllium beam pipe. We remove -70% of the pairs with a geometrical pair finder.
Electron
The background to the prompt muon signal comes from two major sources, pion c -6 punch through and n and K decay. There is a few percent probability that a r of P -2 GeV/c or more can pass through the four layers of iron absorber without interacting. When combined with the large number of pions per hadronic event this is a significant background to direct muons. The average misidentification probability for punch through is about 0.4%. This varies only slightly with PT and increases with p, as you expect. We estimate this background using all charged tracks in our hadronic sample. If a given track points at the muon system (we cover 45% of 47r) and has enough momentum to pass through all four layers, it is a candidate track. This track is considered a punch through if it does not reach the fourth layer. We of course take into account range straggling, multiple scattering and electronic inefficiency. We measure the punch through in the first three levels and extrapolate to the fourth level.
Therefore we call a muon a charged track which extrapolates into the muon system, and has a hit in each of the four layers within 2t7 of the track. Sigma reflects the uncertainty in the track extrapolation from the drift chambers through the calorimeter and the . . _ associated multiple Coulomb scattering effects. The effects of ?T'S and K's decaying in flight are determined from I'vIonte Carlo simulation and we find-the misidentification i probability averages about 0.5%. : .
Another way of studying these backgrounds is to use samples of pure pions, such ti one gets from KE, 7, and Do decay. Here the statistics are poor, though we have checked they give results consistent with the method described. A more complete description can be found in Ref. 17.
Bottom Hadron Lifetime
The b quark lifetime measures the mixing between the second and third quark generations when viewed in the context of the six quark standard model. The preferred decay of the b quark is to its weak isospin doublet partner, the top quark, but this is The selection of hadronic events is simple and independent of the lifetime of the primary quarks. We search for lepton candidates in those events where the charged energy exceeds .25 Ec.m., the center-of-mass energy of 29 GeV. Each event has at least five charged particles, each of which passes within 5 mm of the collision point in the plane perpendicular to the beams and within 7 cm of the collision point along the beam direction. The leptons are identified as described in the previous section.
We ensure the lepton candidate trajectory is well measured in several ways. Each track has a minimum of 13 out of a possible 27 hits in the drift chambers. This is a sufficient number of hits in the drift chambers toallow left-right ambiguities to be where the track has transverse errors al and a2 at radii t-1 and r2. This does not _ -e, include multiple scattering (see introduction).
Each track has at least two hits in the inner band and one hit in the outer band. Furthermore we ensure a good track fit in both the vertex detector and main drift chamber by requiring the x2/dof of the track fit to be less than 4.
The direction of the charm or bottom hadron is approximated by the thrust direction. The thrust direction is determined using all charged tracks, including the lepton, which pass loose track quality cuts. The thrust axis for each event has a 1 cos 01 < 0. The result of the fit is summarized in Fig. 12 which siows eq& likelihood contours --in the rc -76 plane. The plot shows substantial correlation between the two lifetimes.
From our own data we find rb = ( 10.3: $ X lo-l3 set and rc = (8.3 4 45::) X lo-l3 sec. We can obtain a more precise value of rb by using world data on charm lifetimes. We estimate the appropriate average to be rc = (6.0 f 1.5) X lo-l3 set, where we have taken into account the large D* production at PEP, and the measured lifetimes and branching ratios of the charmed particles. The quoted error includes the uncertainties in both individual lifetimes and relative production rates of the various charmed particles. After refitting with this estimate, which agrees within errors with our own rc measurement, we find r,, = ( 12 O+_ $fj) X lo-l3 sec. Finally, it is clear that a statistically more significant b lifetime measurement is needed. We hope to obtain greater precision in the lifetime by reducing the uncertainty in the position of the primary vertex by using tracks within the event. In addition, we are attempting to measure the lifetime by a path length technique. 
Precise Measurement of the Tau Lifetime
The tau lepton is expected to couple to the charged weak-current with the universal Fermi strength in the standard model. This universality assumption for the third lepton generation is tested by a measurement of the tau lifetime. Since the lifetime can be calculated to better than 10% within the context of the standard mode1,25 a measurement of equivalent precision is desirable.26-28_We prant here a new measurement of. the tau lifetime based on an integrated luminosity of 41 pb-l which has been made using our high precision vertex detector.3
The tau lifetime is determined by measuring the distribution of displacements between the e+e-collision point, which we identify with the beam position, and the vertex of the three prong decay mode of the tau. We can calculate the lifetime from this distribution since the tau is produced with the beam energy and thus the relativistic gamma factor is known. 
where (z,, yv) is the decay vertex position relative to the beam position, a~ is the sum . -of the beam and vertex error matr@s, and ti are the projected r direction cosines. .The decay length is then f! = $/sin 0, where 8 is the angle between the tau and beam directions. Figure 13 shows the decay length distribution for 156 decays where the resolution on each decay length has been required to be less than 1700~. The resolution on the decay length depends on the 3 prong opening angles, track momenta, and orientation of each decay and varies between 500~ and 1800~ for most decays and averages -1lOOp. . decay length of 705 f 87~ (statistical), is shown superimposed on the data in Fig. 13 , and describes the data well. We find 77 = (3.20f0.41) X lo-i3 set after correcting for the small amount of background (+30~) and the effects of initial state radiation. This is to be compared with the expected value a, = ~p(mp/mr)5Be = 2.8 f 0.2 x lo-l3 set where Tp(mp) is the muon lifetime (mass) and B, is the tau branching ratio into eu i2 .29 e A sample of tracks which simulate the momentum and-topology of tau decays was -constructed in order to check for bias in the fitting technique and measurement. We selected a sample of 3 prongs from hadronic events and excluded tracks coming from K: decay and the highest momentum track in a jet to suppress tracks not coming from the e+e-collision point. The decay length distribution for this control sample is shown in Fig. 14(a) . The fitted mean decay length is 72 f 38/r. From Monte Carlo studies we find this procedure gives decay lengths in the range 50~ to 150~ depending on the D+/D" ratio and the bottom lifetime. The width of the resolution function is important in our fitting procedure. In Fig. 14(b) we show the decay length divided by its error for the control sample. A unit-widt,h Gaussian describes the data well and we determined the width of the resolution function is correct to 5%. 
Do Lifetime
The measurement of charm lifetimes has been an area of considerable experimental activity over the last few years. Of particular interest is the ratio of T~+/~D~, .
which gives information about the relative strengths of the spectator and nonspecta- To check for biases in the vertexing and fitting procedure we used Monte Carlo simulated data for Do production and decay. For several mean input lifetimes, the analysis method yielded these lifetimes within the statistical errors. As a further check, we constructed a sample of "pseudo Do's" from tracks in hadronic events having similar topology and kinematics to that of the Do events. Tracks giving an invariant mass consistent with a Kl were removed. The mean lifetime of the fake Do's was found to be slightly positive. This was expected since some candidate tracks came from heavy quark decays. From the above and other considerations we estimate the systematic error to be 1.0 X lo-l3 sec.
In summary, we have measured the Do lifetime to be ?Do = ( 4.0: ::t f 1.0) x lo-l3 set where the first error is statistical, the second systematic. The analysis was based on -100 pb-l yielding 20 well measured events with small background.
. . _
This measurement is consistent with all other measurements of the Do lifetime using different techniques. : i
A Search for Supersymmetric Electrons
Supersymmetric theories31 associate fermions and bosons in multiplets such that all known particles have supersymmetric partners whose spins differ from ordinary particles by &l/2. Each supersymmetric particle has the same electromagnetic and weak couplings as its partner, although its mass may be different because of symmetry breaking. It is possible that all superpartners have large masses compared to Mw, in which case evidence supporting the theory will have to wait for some time.
Siipersymmetry has been popular since it helps solve the hierarchy problem of the standard gauge theories. 32 At present,-there is no experimental evidence supporting the existence of any superpartners. The following criteria were applied to all events which passed the trigger requirement; one charged track depositing at least 1 GeV in the LA calorimeter. First, in . . _ order to measure the energy of the charged track reliably, we required the particle to have 1 cos 01 < 0.70 and to miss the azimuthal gaps between the modules by at least i 2.7'1 The detected track was called an electron if it deposited at least 6GeV in the LA module. This also helped eliminate background from two-photon production of low energy electrons. To eliminate cosmic ray showers, tracks were required to originate from the beam luminous region and the event was required to have less than 50 hits in the drift chambers. Events containing photons were ignored unless they were within 10' of the track, which would be consistent with an electron radiating in the detector material before the LA system. In addition we confined all unseen particles to within 2' of the cone about the beam axis by requiring no evidence for low angle tracks in the vertex detector or energy deposit above 3 GeV in the SAT shower counters. After -the above cuts we were left with 763 events to analyse. One further cut was applied -to these events after a study of the background sources. i
The major sources of background in this search are QED processes, in particular e+e--+ e+ + e-+ 7 (eer) where one electron is detected, one goes down the beam axis at a small angle and the gamma falls into a dead or inefficient region of the calorimeter. The three body kinematics of these events, together with the confinement of the unseen electron to within 2' of the beam axis allows the gamma direction to be determined. The accuracy of predicting the gamma direction was checked by using events in which the gamma is-detected. Figure 18 shows a plot 07x,,,, the normalized error dis&bution in the cosine of the gamma polar angle, (cos 6,) with a Gaussian fit superimposed. The fit, which did not include the tails, fits the data well and supports the three body hypothesis. The tails are assumed to arise from higher order QED processes and non-Gaussian tails in the experimental resolution. The distribution of deviations in the azimuthal angle was found to have a FWHM of 0.02 radians. In addition, we have studied the angular distribution of the detected photons in the eey events. From this we calculate that 266 events with an undetected photon fall into the dead region of our calorimetric acceptance (cos 19 between 0.715 and 0.750, between the LA system and the endcap). This number and the resolution determined from Fig. 18 suggest a cut of 1 cos 0,l < 0.54 would reduce the eey background to less than one event. After this cut the efficiency for high mass selectrons remains -40% since their angular distribution is quite uniform. The additional backgrounds coming from higher order QED processes such as ee77, tau production and two photon processes were found to be small.
i
The effect of all cuts used in this analysis defines an. acceptance shown in Fig. 19 for' a single (negatively) charged prong. The data points shown are .consistent with the known background estimates. The search yielded no final candidate events for an -integrated luminosity of 123 pb-l. This yields a 95% confidence level upper limit on the cross section within the acceptance of - Fig. 18 . Distribution of (cos Opredicted -cos flObSerVe-J)/flCOS~ for events with one seen electron and one seen photon. The solid curve is the best fit to the data as described in the text. and 2.9%&0.9% (e+e----) e+e-p+p-, r+r-, hadrons) are applied to Reactions (1) and (2) respectively. Reaction (3) is corrected for contaminations of 1.6% from e+e-+ p+p-(r), 1.4% from hadronic backgrounds, and 3.1% from two-photon processes.
The event acceptances at cos 8 = 0 are 77%, 80% and 66% for Reactions (l), (2) From uncertainties in the background estimates, errors in detector simulation and uncertainty in the decay modes of the tau, we find a 1.6% normalization error on the ratio bPP/bee an d a 2.8% error on the ratio bn/bee.
-We use a maximum likelihood technique to fit Reactions (l)-(3) to the 0(03) QED cross section plus the weak contributions% using the corrected cos0 distributions.
Setting gz = 0, we find gggt = .32f . the axial-vector current is tested and we find gG/-9t = 0.6 f0.3. If we assume e-pr i universality gi = .27 f.06 f .02 f rom Reactions (2) and (3). From a simultaneous fit to. all three reactions we find gi = .23 f .05 f .02 and gz = .03 f .03 f .03, where systematic errors have been explicitly included in the fit and the fitted cross section is superimposed on the data in Fig. 23 . Table II4 summarizes e+e-data on gz and gz and gives a world average.
These results are in good agreement with the standard model. The probability that QED alone would have led to the results presented here is 6 x 1K7. The weak couplings were computed in the limit MZ --) 00. For a MZ -93 GeV/c2,41 and including radiative corrections, gi is only decreased by 2.5%. Table III42 and compared to world data. 
Weak Neutral Current Couplings of the b Quark
We present a preliminary study of the angular distributions of events tagged with an energetic lepton in order to find evidence for the weak neutral current in the process e+e--66 .
~_ A very simple form of the angular distribution for the above process is given by da dcos6 = 9 [(1+ cos2 0) -* cos e]
where x is a constant related to the Fermi coupling GF, the square of the center-ofmass energy s and Mz. Here &b is the charge of the bottom quark, -l/3, gt is the axial vector coupling of the b quark and--8 is the polar angle between the quark and the-incoming electron.
We study the b quark couplings because bottom events are relatively easy to tag We have searched for evidence of the reaction K** -+ Kz?r* based on a data sample of hadronic events corresponding to an integrated luminosity of -100 pb-l.
A preliminary analysis shows a clear signal for EK* > 3.5 GeV. This is shown in Fig.   25 . We form the ratio of cross sections for K* and K" and find UK' -= 0.8431 .17 f .25
for EK*,K > 3.5 GeV. This indicates a large vector fraction in the fragmentation process. Naively, we expect three vector particles for every one pseudo scalar, and hence a ratio of 0.75. Our results are consistent with data presented by the TPC (W.
Hofmann) collaboration at this conference. 
